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残留在硅胶柱上。利用保留指数定性，确认了 F1 组分中的 22 种化合物和












































光淬灭原理测定它们的结合常数 Kb，以 Kb 来描述石油中疏水性有机物在
环境中的归宿。实验显示当溶液的 pH 从 3.41 升至 7.02，并没有影响菲
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Abstract 
Petroleum related hydrocarbon pollution in marine environment is 
becoming worse. When oil spill happens, it’s important to develop practicable 
identification method for selecting appropriate spill response and taking 
effective clean-up measures, as well as monitoring the total amount of oil in 
water column for environmental damage assessment. Long-term fate, behavior, 
and impact of spilled oils on the environment are also challenge topics and have 
attracted much attention. Based on the above background, seven aspects have 
been discussed in the paper: 
Chapter 1 reviewed the current trend in the marine petroleum pollution 
research area, including current oil spill identification method, the source and 
the geochemistry of hydrocarbons in marine environment, and the interactions 
among hydrophobic organic pollutant (HOP), sediment and dissolved organic 
material (DOM). 
 In chapter 2, a method using silica column to separate different fractions in 
petroleum oils has developed. Aliphatic fraction (F1) was eluted using 25mL 
hexane and aromatic fraction (F2) was eluted with 18mL mixed solution 
(hexane: dichloromethane=1:1), the asphaltenes and resins remain in the silica 
column. Retention index was used to identify the individual components in 
petroleum. 
The purpose of chapter 3 was to produce quantitative data on oil 
component ratio index which are more resistant to biodegradation, ultraviolet 
oxidation and outdoor weathering. The study shows that several component 
indexes are stable including aromatic index （ C2-dbt/C2-phe(%), 
C3-dbt/C3-phe(%), C3-dbt/C3-chr(%), 2-MP/1-MP(%), 4-MD/1-MD(%)） , 
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%27dia，%29aaS，%29aab，%27bbSTER，%28bbSTER，%29bbSTER）,While 
Aliphatic index(C17/Pr、 C18/Ph、 C17/C18、 Pr/Ph) are stable only during 
short time weathering. The study reveals a pattern of distinct oil composition 
changes due to biodegradation, which is significantly different from the pattern 
due to ultraviolet oxidation or short-term physical weathering. Under short time 
ultraviolet weathering, chrysene showed preferred degradation than light 
aromatic hydrocarbon, although aromatic index and biomarker indexes are still 
stable. Under biodegradation, lighter oils degrade more quickly than heavier 
oils and n-alkanes degrade more rapidly than branched hydrocarbons. Aromatic 
and aliphatic indexes change a lot, however biomarker fingerprint and 
component ratio index are match well with the source oils. 
In chapter 4 and 5, two oil spill identification methods were developed. (1) 
4 layer GC-MS procedure monitoring aliphatic, aromatic and biomarker 
component ratio index coupled with chemo-metrics was used to identify spill 
oil with known suspected oil origin. Case study showed that method was 
practicable. (2)Infrared spectra date-base for petroleum oils was established, oil 
with unknown origin was match with the spectra in date base, the result show 
that the date base give correct oil type. 
PAHs in petroleum oil usually bind to sediments or suspensions when 
depositing in marine environment, in Chapter 6 the effect of pH value and ionic 
strength on the binding of phenanthrene to a commercial humic acid in the 
aqueous phase was determined using fluorescence quenching method. The 
results show that the effect of increasing the pH from 3.41 to 7.02 did not 
influence the extent of binding, however, at pH 10.9, Kb (association constant) 
value increased significantly from 6.22 to 7.08 *104 mL/g. In addition, there is  
a consistent trend of decreasing logKb with increasing ion strength (I) at the 
initial stage of the decreasing of I (I<0.01M) and at the second stage (I≥0.01M), 
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could be interpreted that the conformation of the humic substance will be 
changed with the change of solution chemistry including pH and ion strength 
values, which result in the change of Kb. 
  In chapter 7 the source of hydrocarbon in marine sediment are discussed 
taking Laizhou Bay as an example. As we know, the associated industrial and 
urban developments are located to a large extent along the Laizhou Bay, Bohai 
Sea coastal and raw sewage is often discharged into near shore waters with little 
treatment. To find out chemical characteristics and pollution source of the 
petroleum related contaminations in sediments near the major drainage outfalls 
located in the coastal, in this study, ten surface sediment samples were collected 
during June. Sediment samples were extracted by organic solvents, separated by 
silica gel column chromatography and the concentrations and the profiles of 
n-alkane, biomarker and PAH in sediments were analyzed by gas 
chromatography-mass selective detector (GC-MSD).The use of several 
molecular markers and related indexes derived for n-alkane and PAHs has been 
proposed for assessing the relative contributions to the environment of 
hydrocarbon sources. As a result, n-alkanes reflect that the sea area of paper 
mill (Station ZZ08) is dominated by vascular plant. DY petroleum oil field and 
outer shore of the plant mill (Station ZZ02) have some degrees of petroleum 
related hydrocarbon contamination. Whereas the contamination of the sea area 
of TH River may be ascribed to different sources such as territorial non-point 
pollution source, domestic sewages, and storm water runoff. Judged by their 
PAH ratios, the sediments near the paper mill (Station ZZ02) and the outer 
station of the oil field (Station TH2) were pyrolytic. The estuary of Tiao River 
including the inner Station THX, TH10 and TH05 are petrogenic. The marine 
sediment near DY drainage outfall may have a mixture source of PAH both 
pyrolytic and petrogenic. 
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第一章  海洋石油污染研究概况 
              1










年到 1997 年间，在世界范围内， 溢油量在 1 万加仑以上的溢油事故已
超过 4100 起
[1]









在 10%左右，1993 年上升到 37.0%， 在其分布上，南部海域较北部严重，
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